Background: Successive elderly birth cohorts improved in cognitive performance during the 20th
Life expectancy increases worldwide have led to a dramatic increase in the number of elderly. Mild cognitive impairment is common in the elderly, and is associated with increased risk of dementia [1] [2] [3] [4] [5] [6] [7] and death. [8] [9] [10] [11] [12] During the 20th century, later-born cohorts performed better on cognitive tests than earlier-born cohorts. [13] [14] [15] Later-born cohorts may thus have better cognitive reserve that protects against or delays dementia onset, 15, 16 and decreases the influence of impending death on cognitive function. It remains to be further elucidated whether secular changes in cognitive functions influence whether cognitive ability predicts dementia and mortality.
Our objective was to examine the incidence of dementia and death, and the relation between cognitive function at baseline and 5-year occurrence of dementia and death in 2 cohorts of 70-year-olds examined in 1971-1972 and 2000 -2001 .
METHODS The Longitudinal Gerontological and Geriatric
Population Studies in Gothenburg (H70) started in [1971] [1972] with an examination of a representative population sample of 70-year-olds born in [1901] [1902] . In 2000 -2001, another population sample of 70-year-olds born in 1930 was examined with identical instruments to study secular trends in health and health-related factors. Both samples included people living in private households and in institutions, and were systematically obtained from the Swedish Population Register, which contains names and addresses of all residents in Sweden. Both samples were followed up at age 75.
Cohort 1901-1902. Seventy-year-olds born between July 1, 1901 , and June 30, 1902 , on dates ending with 2, 5, or 8 were invited to health examinations in [1971] [1972] . 17 The individuals received consecutively a number from 1 to 5. Those with numbers 1 and 2 (n ϭ 460) were invited to take part in psychiatric examinations. Of these, 392 (response rate 85.2%) participated (226 women and 166 men). The sample has been described in detail previously. 18 Ten participants were excluded due to dementia, and 1 due to dysphasia, leaving 381 70-year-olds without dementia (221 women and 160 men). At the follow-up at age 75 years (average follow-up 5.0 Ϯ 0.2 years), 60 individuals (15.7%) had died and 25 (6.6%) refused new examinations, leaving 296 participants (183 women and 113 men). Of 850 invited, 579 (response rate 68.1%) participated in the psychiatric examination (350 women and 229 men). Fourteen participants were excluded due to dementia and 1 due to language difficulties, leaving 564 70-year-olds without dementia (337 women and 227 men). Thirteen individuals (2.3%) had moved from Gothenburg, and lacked follow-up data. These were excluded, leaving 551 individuals (331 women and 220 men) at baseline. At the follow-up at age 75 years (average follow-up 4.9 Ϯ 0.3 years), 24 individuals (4.4%) had died and 91 (16.5%) refused a new examination, leaving 436 participants (274 women and 162 men).
Those lost to follow-up (deceased and refusals) were traced for dementia in medical records and in the Swedish Hospital Discharge Register.
Participants and nonparticipants at baseline in both cohorts were similar regarding gender, marital status, and 3-year mortality rate. 19 Participants and nonparticipants in cohort 1901-1902 were further compared regarding income, municipal rent allowance, previous outpatient or inpatient psychiatric care, and registration for alcohol abuse. There were no significant differences. 18, 20 Participants and nonparticipants in cohort 1930 were compared with regard to inpatient psychiatric care during the past 2 years according to the Swedish Hospital Discharge Register. No differences were found. 19 Participants were examined at a geriatric outpatient clinic in Gothenburg. Similar or identical instruments were used at all examinations. Those who declined examination at the outpatient clinic were offered home visits.
Standard protocol approvals, registrations, and patient consents. Informed consent was obtained from participants or their relatives. The study was approved by the Ethics Committee for Medical Research at the University of Gothenburg.
Mental and cognitive assessments. Recent memory was evaluated during psychiatric examinations, and short-term memory/attention and nonmemory domains (verbal ability, visuospatial ability, perceptual speed, and logical reasoning) in psychometric testing.
Psychiatric examinations included the Comprehensive Psychopathological Rating Scale, 21 a structured rating scale including 40 reported and 27 observed psychiatric symptoms, and ratings of cognitive functions. Observed recent memory was rated on a 7-step scale, with 0 score assigned to unimpaired performance and 1 to 6 reflecting increasing levels of impaired performance. It was performed by psychiatrists at the examinations in 1971-1972 and 1976 -1977 18, 20, 22 and between psychiatrists and psychiatric nurses. 23 The psychiatric nurses were supervised and trained by a psychiatrist (I.S.), who was trained by the psychiatrists who examined cohort 1901-1902 in 1971-1972 and 1976 -1977. Psychometric tests were administered by psychologists in 1971-1972 and in 2000 -2001. The psychometric tests have been described previously. 24 -26 Briefly, a battery of 6 cognitive tests was used: Dementia. Dementia was diagnosed according to the historical criteria described by Kay et al., 27 which were widely used at the time of the examinations of cohort 1901-1902 in 1971-1972 and 1976 -1977. 18,20,28 These criteria required the presence of severe disorientation for time or place or severe memory impairment as assessed during the psychiatric examination. In cohort 1930, dementia was diagnosed according to both historical and DSM-III-R criteria. Observed agreement between historical and DSM-III-R criteria in cohort 1930 was high (0.807). 29 For those lost to follow-up (deceased and refusals), psychiatrists examined medical records from all major hospitals, geriatric and psychiatric institutions, and outpatient services in Gothenburg. Swedish Hospital Discharge Register and death certificates were also used. The diagnosis of dementia was made if medical records revealed impairments of memory and other cognitive functions producing significant difficulties in activities of daily living. Information regarding dementia diagnoses was available for all participants since almost all people in Sweden have access to public health services and therefore have equal chances to have medical records or to be in the hospital discharge register.
Mortality. Dates of death were obtained from the Swedish
Population Register, which is a national register covering all people living in Sweden and Swedish citizens living abroad.
Statistical analyses. Differences in raw mean scores of psychometric tests were tested using univariate analyses of covariance with sex and education as covariates. Using similar methods as previously, 6, 30 low performance in recent memory during the psychiatric examination was defined as the presence of any symptoms or failures (scores Ͼ0). Differences in proportions were evaluated using Fisher exact test and logistic regression models adjusted for sex and education. Similar logistic regression analyses estimated odds of dementia (odds ratio [OR] ) over the 5-year follow-up within each cohort (OR with a 95% confidence interval [CI]). Educational level was dichotomized as compulsory education (6 years if born 1901-1902, and 7 years if born in 1930) vs more than compulsory education. There was no interaction between cohort and education. A 2-tailed level of significance, p Ͻ 0.05, was used for all tests. Participants were included in the analyses for which they provided valid data; no data were imputed. (table 2) . There were no cohort differences regarding incidence of dementia. In co- It remains to be elucidated whether specific nonmemory tests are becoming less important as early signs of dementia and whether cognitive symptoms to a lesser extent predict mortality in later-born cohorts. The findings should be interpreted cautiously due to the considerable differences between cohorts, and the complex interplay between higher mortality and the possibility of lower dementia recognition by practitioners in the earlier cohort, together with higher refusal rates in the later cohort. Key limitations also include differences in quality of education and quality of the medical records regarding information on dementia between the 1970s and 2000s. The neuropsychological test scores and their predictive value may be especially subject to these biases. Before discussing the findings in more detail, limitations need further consideration. First, response rate in the 1970s was higher than in the examinations 30 years later. It is thus possible that some of the differences between the birth cohorts may be due to selective participation. However, participants and refusals across cohorts were similar regarding most background factors, including performance on all tests except Block Design. Second, neuropsychological test results are related to educational level. In cohort 1901-1902, information on education was collected as a dichotomous variable, i.e., compulsory education vs more than compulsory, not as actual years of education. However, none had less than compulsory education in either cohort. Thus, years of education do not vary in the majority of cases. Furthermore, in addition to different educational levels, education quality may have changed over time. Third, longitudinal studies suffer from attrition to follow-up. We used medical records and registry data to diagnose dementia in those lost to follow-up. Although insensitive for detection of dementia, the use of this information gives better estimates of dementia incidence than if only participants at follow-up were diagnosed. At the same time, the recognition of dementia in medical records may have changed over the 30-year period. Fourth, some negative results may be due to low statistical power, as only systematic subsamples were tested psychometrically and dementia incidence at age 70 -75 years is low. However, Identical Forms and Block Design were administered to more persons in cohort 1930 than in cohort 1901-1902. Therefore, low statistical power does not explain the lack of association with dementia and mortality in these tests in cohort 1930. Fifth, cognitive predictors of dementia 6, 30 and death 11 may differ by age. Thus, our results cannot be generalized to predictors of dementia and mortality at older ages. Sixth, to compare the 2 cohorts, we used dementia criteria from the early 1970s. However, agreement between DSM-III-R and historical criteria is high. 29 Seventh, assessment of memory performance was based on clinical judgment. However, this variable predicted dementia in both cohorts, and we have previously reported that the positive predictive values for predicting dementia are similar for memory observed at psychiatric examinations as for memory assessed with psychometric testing. 30 Eighth, psychiatric examinations were performed by psychiatrists in the 1970s and by psychiatric research nurses 30 years later. However, interrater reliability between nurses and psychiatrists was high.
RESULTS
29 Table 4 Performance in psychometric tests in 2 cohorts of 70-year-olds in relation to the development of dementia over 5-year follow-up Strengths of this study are extensive examinations performed with identical methods over 30 years in representative population samples, and the completeness of the Swedish Population Register for measuring mortality. It is noteworthy that while mortality decreased substantially, the incidence of dementia was similar over 30 years, in agreement with a recent study comparing prevalence of dementia in 1992 and 2001. 31 At the same time, cognitive performance improved dramatically over 30 years, as also reported by others. 15, 16, 32, 33 Furthermore, the later-born cohort had less memory impairment observed at psychiatric examinations and reported fewer memory problems. The later-born cohort also evidenced a considerably higher proportion with higher education, but this did not explain the results. Perhaps later-born cohorts have better cognitive function also due to other factors, such as better prenatal and perinatal care, nutrition, treatment of vascular and other diseases, and because they experienced a consistently higher mental effort and more mental stimulation throughout life. 15, 32, 34 It has also been suggested that maternal education influences cognitive function in later life, 35 and this influence may be more accentuated in cohort 1901-1902. Thus, even in cases of pending dementia or death, the brain's capacity to adapt might have increased in later-born cohorts.
Many studies report that individuals developing dementia perform worse on psychometric tests more than 10 years before disease onset. [36] [37] [38] [39] We have previously reported that only isolated low memory performance predicts dementia in the long term, 6 while a global pattern of low performance predicts dementia in the short term, 30 which is in line with the theoretical model of a slowly progressive course starting with memory impairments and followed by impairments in other cognitive domains. It has been suggested that individuals with better cognitive function develop dementia later, but decline faster when they develop dementia. 40 Thus, later-born cohorts may exhibit a shorter prodromal phase of dementia. This may explain why only memory was a predictor of dementia in cohort 1930, while a global pattern predicted dementia in cohort 1901-1902. Decline in abstract reasoning 36, 37 and visuospatial ability 37 many years before dementia onset have been reported. Participants in these studies were born in the beginning of the 20th century, and results are in line with our findings in cohort 1901-1902. It is conceivable that cutoff scores useful for defining low cognitive performance may change over time.
Dementia incidence remained the same, although later-born generations performed better on cognitive tests than earlier-born generations. Our results further suggest that impending death and dementia may have less effect on cognitive function in later generations of elderly. This may have implications for selection of preclinical tests of dementia. Low performance in memory was related to dementia in both cohorts. Why specific nonmemory tests seem to be less sensitive as early signs of dementia in later-born cohorts remains to be elucidated. The findings need to be taken cautiously due to a number of limitations, such as differences in refusal rates, and changes in quality of education, dementia recognition, and medical records between the 1970s and 2000s.
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